The response functions for the extended second and third random phase approximation are compared. A second order perturbation calculation shows that the first-order amplitude for the direct 3p3h excitation from the ground state cancels with those that are engendered by the 1p1h-3p3h coupling. As a consequence nonvanishing 3p3h effects to the 1p1h response involve off energy shell renormalization only. On shell 3p3h processes are absent. † Fellow of the CONICET from Argentina.
The purpose of this paper is to present some results for on the energy-shell 3p3h effects in the response function. This is done in the context of the full ETRPA approach which is therefore reviewed below. The nature of the resulting response function is then confronted to what one obtains using the ESRPA by performing a perturbative expansion of the responses in each case. The possibility of having a three nucleon ejection process is finally analyzed in this framework.
Let us start with the linear response to an external fieldF defined as
whereF H (t) ≡ e iĤtF e −iĤt ,Ĥ =Ĥ 0 +V , withĤ 0 andV being, respectively, the HartreeFock (HF) mean field and the residual interaction. The spectral representation of the response
with
The submatrices A, B and N given by
and using eqs. (2-6) it is possible to write the response in representation independent form as
where F is defined as
After splitting the Hilbert space of ipih states into a P-space that includes only the 1p1h states and the Q-space that spans on the rest of the states, the response function can be written
where
andF
In standard RPA the state |0 is approximated by the HF ground state and the Q-space is absent, while the so called extended RPA incorporates perturbative ground state 2p2h admixtures and a perturbatively suggested truncation of the dynamical matrices and excitation operator. It is obtained by: i) evaluating the matrix elements (8) and (10) for [11] 
2 0 ≡ (p 1 p 2 h 1 h 2 ) 0 represents the 2p2h ground state admixtures, E 2 0 the corresponding unperturbed energy and V 2 0 0 ≡ 2 0 |V |0 , and ii) keeping terms up to second order inV for the forward sector within the P space, terms linear inV for the backward sector within the P space and for the coupling between the P and Q spaces, and only terms of zeroth order within the Q space. Under these conditions the norm matrix elements read [5] )
where i ≡ ipih and the nonzero ∆N ij are 
, while the operator P (i, j) exchanges the arguments i and j.
The forward going energy matrix elements are evaluated in the same way and one gets
where V ij ≡ i|V |j and the nonzero matrix elements ∆A ij are:
The one-body matrix elements are:
Before proceeding it is convenient to introduce the unperturbed Green's function:
and rewrite the perturbed Green function within the space P in the form
and ∆Σ (2)
In the above equations V ij ′ stands for the matrix representation of the residual interaction within the ipih ⊗ jpjh subspace. The response function now reads
, with
From the expressions for ∆A 11 ′ and ∆N 11 ′ , given by Eqs. (18) and (21) respectively, the matrix elements ∆Σ (2) 11 ′ (E) and ∆F can be expressed as:
Moreover, from the relationships
one obtains
We can note here that
and thus in summary we get: i) in the ESRPA (where the Q space includes only the 2p2h excitations)
ii) in the ETRPA (where the Q space includes both the 2p2h and 3p3h excitations)
The results (37) and (38) are in essence those obtained previously by Arima and collaborators [5, 11] and by the Jülich group [6, 12] . On the other hand, when terms containing the matrix elements 2 0 |d 11 ′ |2 ′ 0 are neglected in eqs. (39) and (40), one finds the results derived in our previous works [16] . In order to elucidate some of the content of these equations we turn next to a perturbative expansion of the response function and examine the leading corrections to the unperturbed 1p1h response R 0 (E) = 1 |f 1 | 2 /(E + − E 1 ). To achieve maximum simplicity we first omit the residual interaction within the 1p1h sector and backward contributions, so that to second order the Bethe-Salpeter equation Eq. (25) reads
which substituted in Eq. (11) leads to the desired approximation for the response function. Within the ESRPA one gets:
and in the ETRPA:
Now the two expressions (42) and (43) can be shown to be equivalent. This results in fact from explicitly performing the sums over 3p3h states in Eq. (43). To do that one first rewrites these sums making use of relations (33) and (36) as:
and
The result of performing the sum is:
which substituted in Eq. (43) gives the expression (42) also for the ETRPA response.
The cancellation among the 3p3h on the energy-shell contributions can be exhibited also making use of the Rayleight-Schrödinger perturbation expansion, i.e.,
where the perturbed wave functions and energies are indicated by the symbol ∼ and the superscript points the order of the correction introduced by the residual interactionV on the unperturbed quantities |i and E i . The amplitude for theF -excitation from the correlated ground state to the perturbed 3p3h states reads
where the last equivalence is a direct consequence of the relations (33), i.e.,
Thus we see once more that, up to the second order inV , the 3p3h final states do not contribute to the response function and that | 3 |F |0 | 2 ∼ = O(V 4 ). The Goldstone diagrams for the fourth order 3p3h on the mass-shell contributions to the response function are shown in figs. 1e and 1f.
At first glance it might look as if the connected Goldstone diagrams associated with the terms (44), (45) and (46) of the ETRPA response (illustrated in Figs. 1a, 1b and 1c, respectively) should give rise to on the mass-shell 3p3h contributions, through the imaginary part of the propagator (E + − E 3 ) −1 . However, Eq. (47) shows that these contributions in fact cancel out so that the 3p3h sector only affects the 1p1h excitations by coupling them with the virtual intermediate states |1; 2 0 . Thus in spite of including the 3p3h propagator in the Green's function, three nucleon ejection does not occur in the leading order processes. The above mentioned diagrams also explain the physical meaning of the fourth term in the expression (42). The cancellation of on shell 3p3h contributions results from the destructive interference between amplitudes involving creation of the 3p3h state from a ground state correlation and from V 31 coupling respectively. A similar calculation in which the backward part of Eq. (25) and/or the residual interaction within the 1p1h space are kept up to the relevant order leads again to the same result. It is worth stressing that this does not depend on the form of the two-body force used as residual interaction or on the size of single particle space. 
